Previous studies have suggested that eosinophilic esophagitis (EoE) progresses from chronic inflammation to fibrostenosis. However, natural history data illustrating this progression in individual patients are lacking. Here, we present 6 patients who progressed from an inflammatory to a fibrostenotic phenotype of EoE in the absence of treatment. At the time of diagnosis, none of the patients had significant evidence of fibrostenosis, but they did have other inflammatory findings of EoE such as edema, linear furrows, or exudates. After being lost to follow-up and treatment for an average of 7.8 ± 2.0 years, strictures (n = 5; 83%) or a smallcaliber esophagus (n = 4; 67%) were present in a majority of the patients, and the majority required esophageal dilation. These cases confirm that EoE can progress from an inflammation-only phenotype to a fibrostenotic phenotype in certain patients.
Introduction
Eosinophilic esophagitis (EoE) is a chronic immune/allergen-mediated disorder of the esophagus characterized by symptoms of esophageal dysfunction and eosinophilia on esophageal biopsy [1, 2] . It has been suggested that chronic eosinophilic inflammation (often manifest on endoscopy with white exudates, edema, and linear furrows) progresses to fibrostenosis (with esophageal rings, strictures, or narrowing) if it persists over time [3] [4] [5] [6] . However, these claims are largely based on cross-sectional data, and natural history data are limited. The aim of this study is to present a series of patients who progressed from inflammatory to fibrostenotic phenotypes of EoE in the absence of treatment.
Case Reports
Case 1 A 14-year-old male with asthma was diagnosed with EoE in July 2004 with several years of symptoms of solid food dysphagia and vomiting. He presented with a food impaction that required urgent endoscopic removal of the food bolus. On the initial upper endoscopy ( Fig.  1a ), there was edema, furrows, and friability but no evidence of strictures or narrowing. He was lost to follow-up for personal reasons until March 2013. At this time, he presented with worsening solid food dysphagia after every meal, regurgitation of the stuck food, and pill dysphagia, as well as transient food impactions. Follow-up endoscopy, which required use of a neonatal upper endoscope to traverse the esophagus, showed rings, edema, furrows, exudates, a small-caliber esophagus, and a focal stricture with an inner diameter estimated at 10-11 mm ( Fig. 1b ). Esophageal dilation (Savary) was performed, with a dilation effect at 11 mm.
Case 2
An 18-year-old male with eczema and seasonal allergies initially presented with a 1year history of dysphagia primarily to pills and suspected pill impaction in June 2004. Initial endoscopy showed edema, erythema, and friability. He was lost to follow-up for personal reasons until November 2011, when he presented to the emergency department with a food impaction. He provided an additional history of intermittent solid food dysphagia over the intermediate 7 years. Repeat endoscopy showed rings, furrows, edema, and a small-caliber esophagus with a proximal stricture 8 mm in diameter. There was mucosa disruption with passage of the endoscope, so dilation was deferred.
Case 3
A 30-year-old male was diagnosed with EoE in November 2008. He presented with a 15year history of intermittent solid food dysphagia. His initial endoscopy had findings of rings, furrows, and a focal area of mild stricture in the proximal esophagus, but an adult upper endoscope could pass without resistance ( Fig. 1c ). He was lost to follow-up for personal reasons until April 2015, when he presented with worsening solid food and liquid dysphagia, as well as frequent transient food impactions and a 30-lb weight loss secondary to reduced oral intake. A repeat endoscopy was significant for rings, furrows, edema, and a small-caliber esophagus, with the focal stricture measuring 3 mm in diameter, which precluded the passage of a neonatal endoscope ( Fig. 1d ). Savary dilation was performed up to 5 mm, but the 7mm dilator was unable to pass.
Case 4
A 12-year-old male was diagnosed with EoE in August 2004. He presented with 1 year of intermittent solid food dysphagia and a transient food impaction that did not require urgent endoscopy. His initial endoscopy showed only mild esophagitis. He was lost to follow-up care until November 2013, when he presented with a frank food impaction requiring endoscopic removal of the food bolus. Upper endoscopy at that time showed rings, furrows, and a stricture measuring <9 mm in diameter at the gastroesophageal junction. Because of focal trauma at the food bolus impaction site, dilation was deferred.
Case 5
A 10-year-old male initially presented in June 2006 with a 1-year history of heartburn, intermittent solid food dysphagia, and transient food impactions. Upper endoscopy was significant for mild esophagitis but was otherwise normal. He was lost to follow-up until August 2016 for personal reasons. At that time, he reported solid food dysphagia with every meal and frequent transient food impactions that had progressively worsened over the past year. On repeat endoscopy, a neonatal endoscope was required to traverse the esophagus, and there were exudates, rings, edema, furrows, and a small-caliber esophagus with a focal stricture in the distal esophagus measuring 9 mm. Savary dilation was performed to 11 mm.
Case 6
A 9-year-old female with a history of multiple food allergies was diagnosed with EoE in 2000. She was then lost to follow-up and re-presented 5 years later with several years of intermittent abdominal pain and heartburn. Her initial endoscopy showed mild esophagitis characterized by edema and furrows (Fig. 1e ). She was again inconsistent with follow-up and treatment until October 2011. Her symptoms had progressed to more frequent upper abdominal pain as well as solid food dysphagia. Her endoscopy at that time showed diffuse rings, narrowing, furrows, edema, and exudates, but without a clear focal stricture (Fig. 1f ).
Discussion
EoE is thought to progress from an inflammatory to a fibrostenotic phenotype in some patients. Several studies have noted differences in endoscopic findings and clinical symptoms between children and adults, suggesting progression from an inflammatory to a fibrostenotic phenotype [7] [8] [9] . In general, nonspecific symptoms such as failure to thrive, abdominal pain, heartburn, and vomiting are seen more commonly in pediatric patients; adults more frequently report typical symptoms such as food impaction and dysphagia [7, 8] . On endoscopy, children often have a normal-appearing esophagus or various inflammatory findings, while fibrostenotic findings are more commonly seen in adults [8, 9] .
Three previous studies examined the risk of developing strictures or fibrostenosis with diagnostic delay in EoE patients [3] [4] [5] . However, these studies relied on cross-sectional data.
To date, there has been little direct natural history evidence on individual patients to support these claims. Our study presents 6 patients initially diagnosed with EoE as children without significant fibrostenosis reported. Each patient was lost to follow-up for an average of 7.8 ± 2.0 years and later returned with rings and/or strictures. Additionally, 4 of the patients developed a small-caliber esophagus ( Table 1) . Natural history data on EoE is difficult to obtain as patients are now treated immediately upon diagnosis. Previous natural history data did not specifically address fibrostenosis [10] . This case series is important as it provides proof of principle of progression in EoE, and to date such a series has not been published.
There are several limitations to our study. First, this is a retrospective study reliant upon previous clinical and endoscopic reports authored by different attending physicians. Thus, there were likely differences in the reporting of endoscopic findings. Second, endoscopic images were not available for all patients, and differences in endoscope resolution may have impacted the reporting of endoscopic findings at baseline. However, we do not feel that prominent rings or strictures, especially those that would preclude endoscope passage, would be missed.
In summary, our study demonstrated the progression of EoE from chronic inflammation to fibrostenosis in a group of 6 patients in the absence of treatment. This study provides proof of the progression of EoE in some patients and highlights the necessity of treatment to prevent fibrostenosis and its associated complications.
Statement of Ethics
This project was deemed exempt from ongoing review by the UNC IRB. All identifying patient information has been removed to protect patient privacy.
Disclosure Statement
None of the authors have relevant disclosures related to this paper. This study was funded in part by NIH T35DK007386 (N.T.K.). 
